Objective: To examine the relationship between sleep duration and mortality and to quantify the likely impact of residual confounding due to poor health status on any observed association. Methods: The sample included 227,815 Australian adults aged 45 years and older recruited from 2006-2009 (the 45 and Up Study). Sleep duration and relevant covariates (e.g., health status, demographic factors) were assessed through a self-report questionnaire. These data were linked with mortality data from the New South Wales Registry of Births, Deaths, and Marriages up to December 2010 (mean follow-up period, 2.8 y). Cox proportional hazards models examined the relationship between sleep duration and all-cause mortality adjusting for relevant sociodemographic covariates (e.g., age, gender, marital status), with further stratification by baseline health status based on physical functioning and preexisting disease. Results: The adjusted mortality risk was significantly higher in individuals reporting(hazard ratio [HR] 
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INTRODUCTION
A growing body of research indicates a U-shaped association between sleep duration and mortality risk. In particular large-scale epidemiological studies indicate that individuals who report short (e.g., ≤ 6 hours a night) and long sleep (e.g., ≥ 9 hours a night) durations have elevated odds of mortality relative to those sleeping 7 -8 hours a night [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . A number of mechanisms have been proposed to explain this relationship. For instance, it has been suggested that short sleep could contribute to mortality via chronic health conditions (e.g., heart disease and diabetes) and/or by increasing the likelihood of accidents because of impaired cognitive functioning.
Despite causal mechanisms that have been proposed linking long sleep to mortality, a number of studies have suggested that this association likely reflects residual confounding with underlying poor health [13] , and the relationship of short sleep to mortality may be similarly affected. However, detailed empirical data on this are limited. Hence, rather than sleep duration independently contributing to mortality risk, it is possible that individuals with preexisting health conditions experience disturbed sleep patterns with these preexisting conditions themselves contributing to greater mortality [1] and [14] . Preexisting health conditions have been shown to underlie the relationships between sleep disturbances and other health outcomes. For instance, Cairns et al. [15] found that the apparent association between daytime napping and subsequent cancer risk was the result of underlying disease, rather than napping itself contributing to cancer risk.
Few studies have examined the impact of preexisting health conditions on the association between sleep and mortality, and those that are available have produced mixed results. Patel et al. [7] , Suzuki et al. [10] , and Kakizaki et al. [16] found that short sleep was linked with elevated mortality in both healthy and less healthy individuals. In contrast, using a wider variety of health-related measures, Mesas et al. [1] only observed the association between short sleep and mortality in those with poorer cognitive function. The findings for long sleep have been more consistent, with long sleep generally associated with mortality risk regardless of health status [1] , [7] , [8] , [10] and [16] . However, Kakizaki et al. [16] did find that the relationship between long sleep and stroke mortality was higher in those with poorer health, as reflected by self-rated health and physical function.
In our paper, we aimed to prospectively investigate the relationship between sleep duration and mortality. This investigation involved examining the extent to which any observed variation in these relationships could be explained by baseline health status. We assessed health status in relation to preexisting health conditions (e.g., cancer, heart disease) and physical functional limitation; in combination, these factors provide a more comprehensive measure of baseline health compared to some previous studies, and they allow for an examination of the severity of poor health. We hypothesized, a priori, that if sleep duration were to independently and causally influence mortality as suggested by previous research, then an association between sleep duration and mortality would be evident in individuals who were healthy and less healthy at baseline, provided appropriate statistical power is present. If this association is absent in individuals in adequate health at baseline and is only present in individuals with preexisting disease or functional limitation, this finding would suggest that that there is residual confounding with poor baseline health in the association between sleep duration and mortality risk.
METHODS
Our paper utilized data collected through the 45 and Up Study, a large cohort study of 267,153 adults ages 45 years and older who resided in the state of New South Wales in Australia. The primary objective of the 45 and Up Study is to collect information from a large heterogeneous sample of adults to investigate healthy aging [17] . Participants for this study were recruited through the Medicare Australia enrollment database, which is the publicly funded health insurance system in Australia and includes virtually all Australian residents.
Potential participants were mailed a self-report questionnaire assessing a variety of sociodemographic and health-related factors; the response rate was approximately 18%. 
Measures
Data on all variables assessed in this study besides the index of remoteness and mortality were derived the baseline 45 and Up Study questionnaire. The self-report questionnaire asked the following question on sleep duration, "About how many hours in each 24-hour day do you usually spend sleeping (including at night and naps)?" Sleep duration was reported on a continuous scale and then divided into 6 categories: < 6 hours sleep, 6 hours sleep (i.e., ≥ 6 hours and < 7 hours), 7 hours (i .e., ≥ 7 hours and < 8 hours), 8 hours (i.e., ≥ 8 hours and < 9 hours), 9 hours (i.e., ≥ 9 hours and < 10 hours), and ≥ 10 hours [9] . The reference category was defined, a priori, as 7 hours in a 24-hour period, which is consistent with previous research [9] . Data on all-cause mortality between February 1, 2006 and December 31, 2010 were available from the New South Wales Registry of Births, Deaths and Marriages and were linked through the Centre for Health Record Linkage (CHeReL: NSW, Australia). The mean period of follow-up was 2.8 years.
Health status was determined on the basis of preexisting illness at baseline and functional capacity. The presence of preexisting illness was based on self-reported doctor diagnosis of diabetes mellitus, heart disease, or stroke, as well as melanoma, breast cancer (in women), prostate cancer (in men), and other cancers. These conditions were chosen to be as consistent as possible with the Charlson comorbidity index scale [18] using the available data. There were complete data for all comorbid preexisting illnesses (e.g., diabetes mellitus, heart disease, stroke, melanoma, breast cancer [in women], prostate cancer [in men], other cancers), but we excluded a small number of individuals who had undergone treatment for cancer in the month prior to the survey (n = 6708).
Functional capacity was assessed using the 10-item physical functioning subscale of the Medical Outcomes Study; this subscale is equivalent to the physical functioning subscale of the short-form health survey 36 [19] . Higher scores on this scale indicate fewer functional limitations. On the basis of preexisting illness and functional capacity we created 2 groups:
(1) healthy, whereby individuals had no reported disease at baseline and a physical functioning score of 75 to 100 and (2) less healthy, defined as having one or more chronic conditions at baseline or a physical functioning score of less than 75. There were some missing data on responses to the physical functioning items; for participants with less than 50% of missing data on these items, imputation based on the mean of other values was used [20] . However, when more than 50% of items were missing, the Medical Outcomes Study physical functioning scale variable was treated as missing (N = 21,364); for these individuals health status was assigned by preexisting serious illness. We note that this did not bias the reported results, as a sensitivity analysis that excluded these 21,364 individuals produced highly concordant results as those reported with unchanged conclusions.
A number of covariates were included in the analyses. These included gender, age 
Statistical Analysis
The association between sleep duration and all-cause mortality was examined using
Cox proportional hazards models, with time to death from date of baseline questionnaire specified as the outcome. Individuals surviving the follow-up period were treated as censored observations. All models satisfied the Cox proportional hazards model assumption. The analyses were performed using Stata version 11. Table 3 ). In contrast, a U-shaped relationship between sleep duration and mortality was observed in the less healthy group. The sleep duration by health status interaction was significant (for interaction, 12.69; p = 0.026), indicating that the relationship between sleep duration and mortality varied by baseline health status. 
DISCUSSION
In the present sample, and without comprehensive consideration of baseline health status, both short (< 6 hours) and long ( ≥ 10 hours) sleep were significantly associated with all-cause mortality, independent of a range of sociodemographic and behavioral factors. This finding is consistent with existing studies conducted in countries such as the United States, the United Kingdom, Finland, and Singapore [7] , [8] , [11] and [12] . However, further investigation indicated that the nature of this association significantly varied based on health status, which was assessed in relation to preexisting illness (e.g., cancer, heart disease) and functional limitation (determined using the Medical Outcomes Study Physical Functioning scale). In particular we found that short and long sleep duration were not associated with elevated mortality when data were restricted to individuals who were healthy at baseline. This group is least likely to have findings affected by residual confounding or reverse causality. Abbreviations: CI, confidence interval; h, hour; HR, hazard ratio; IY, individual-years; N, number of participants.
* p < 0.05.
a Group characterized by absence of cancer, heart disease, diabetes mellitus, and stroke, and method of scoring physical functioning (MOS-PF) score ⩾75.
b Group characterized by the presence of one or more chronic conditions at baseline and a MOS-PF
<75.
This finding is important, as a variety of mechanisms have been proposed to explain the relationship between sleep duration and mortality. It has been suggested, for example, that shorter sleep durations contribute to elevated mortality risk via pathways such as an increased risk for chronic health conditions including heart disease, diabetes mellitus, and obesity, which have been linked with shorter sleep durations and overall mortality. Grandner and Drummond [13] also proposed that factors such as changes in cytokine levels and a reduced photoperiod (i.e., the rate of daylight to darkness) may contribute to elevated mortality in long sleepers.
Our results provide some evidence against these causal mechanisms and suggest that the relationship between sleep duration and mortality is due to residual confounding with poor health at baseline. This conclusion is based on the proposition that if sleep duration were genuinely causally related to mortality, then an association would be observed regardless of health status. Using data on the presence of specific chronic health conditions and functional limitations due to poor physical health or disability we were able to, a priori, define a group that was less likely to have substantial variations in sleep durations due to preexisting poor health. Because we did not observe an association between sleep duration and mortality in this specific group despite reasonable power, it suggests that residual confounding may underlie the relationship between sleep duration and mortality observed in the total sample.
Our findings are novel, as few studies have previously investigated if the association between sleep duration and mortality varies according to health status. Available studies indicate that short and long sleep generally are associated with mortality risk regardless of health status [1] , [7] , [8] and [10] . The exception has been shown in the study by Mesas et al.
[1], who observed that the relationship between short sleep duration and mortality was only evident in individuals with poorer cognitive functioning. However, research investigating the relationship between insomnia and mortality risk also has indicated that this association is only evident in those with preexisting health conditions [22] . It is important to note that the assessment of health status has been relatively limited in previous studies examining sleep duration and mortality, with the focus primarily on preexisting disease. This is a limitation, as it is likely that sleep duration varies not only according to whether or not someone has a specific illness (e.g., ischemic heart disease) but also according to the severity of the disease.
This information is not appropriately captured by adjustment for binary variables reflecting health status (e.g., presence vs absence of a health condition). As a result, residual confounding may not have been effectively addressed in previous studies. Our research is better able to address this, as we assessed health status in relation to preexisting illness and functional limitations, which are more indicative of an individual's overall health. Therefore, our results provided supportive evidence that the nature of the association varies by health status and that residual confounding may well account for previous associations between sleep duration and mortality.
It is important to acknowledge that there are several ways to assess residual confounding. In addition to the approach adopted in our paper, another method involves investigating if the relationship between sleep duration and mortality changes with increasing duration of follow-up. If, for example, the magnitude of the relationship diminishes over time, then it suggests that the association is due to residual confounding with another factor at baseline. We were unable to perform these analyses in our study given that our analyses were limited to a relatively short period of follow-up. However, Cairns et al. [15] recently adopted this approach to investigate the relationship between daytime napping and the risk for cancer.
Their results demonstrated that the magnitude of this relationship significantly weakened over time such that daytime napping was not associated with breast cancer and only marginally associated with other cancers 4 or more years after baseline. This finding suggests that the relationship between daytime napping and cancer risk also could be from preexisting disease. Therefore, although residual confounding can be difficult to investigate, it is something that needs to be carefully examined in the context of sleep duration and outcomes such as mortality. Two possible ways of investigating residual confounding in the present context are to investigate the effects of preexisting health concerns and the effects of increased duration of follow-up.
Despite the novelty of the findings, there are several limitations of our study. Many large cohort studies use a single item to asses sleep duration, but this is potentially problematic as it may lead to inaccurate estimates of sleep duration and be biased by factors such as age. For example, self-reported sleep duration moderately correlates with actigraphmeasured sleep but may overestimate sleep duration by up to 52 minutes a night [23] .
Although this is a limitation of this study, the overestimation of sleep duration may bias the results towards the null. This hypothesis is supported by research showing that the magnitude of the U-shaped association between sleep duration and mortality is less pronounced when using subjective vs objective measures of sleep duration [23] .
A further consideration is that sleep duration is just one dimension of sleep and does not provide an indication of sleep disturbances, which also may be important in understanding how sleep is related to mortality [24] . Future research should therefore assess other dimensions of sleep, such as sleep quality and sleep disturbances in addition to sleep duration. Our study included a range of factors that could potentially confound the association between sleep duration and mortality in addition to preexisting health. However, other factors such as obstructive sleep apnea and depression may also confound these relationships but were not included in our paper. Therefore, it is possible that the associations observed in the less healthy groups are the result of residual confounding due to these other factors. Future research may benefit from addressing these other variables as potential confounders to further clarify the nature of the relationship between sleep duration and mortality.
The period of follow-up in our study was relatively short, which can be a concern, as sleep is estimated to be relatively close to the event and also because the potential effects of sleep on mortality may take a longer period of time to occur. As noted above, longer periods of follow-up also could be beneficial in further investigating residual confounding.
A final limitation of our study relates to the response rate of 18%. Although this response rate is consistent with many contemporary cohort studies, it does raise the possibility of biases due to a lack of representativeness. In general, the 45 and Up Study is underrepresented by men, younger individuals, and those living in major cities [25] . In addition, the sample is wealthier and healthier (reflected by lower smoking rates and higher self-rated health) compared to the general population [25] . Empirical data from the 45 and Up
Study support the general epidemiologic axiom that relative risks based on internal comparisons within the cohort are unlikely to be biased by lack of representativeness; however, the possibility of bias cannot be entirely excluded [25] and [26] .
Conclusions
Despite these limitations, our study also has a lot of strengths including the use of longitudinal data from a large sample size. In addition, we were able to control for a large number of covariates (e.g., sociodemographic factors, health behaviors), which could have confounded the relationship between sleep duration and mortality. The utilization of a multidimensional measure to assess health, which combined preexisting health conditions with functional limitations to assess health status, also is a key strength of our study. This is because the combined measure incorporated both the presence and severity of a preexisting illness or health condition, and hence enabled us to better examine if residual confounding explained the relationship between sleep duration and mortality. This component is important, as sleep duration is increasingly discussed as a potential risk factor for mortality, but our results indicate that the nature of the relationship varies according to health status and is not evident in individuals without health concerns and functional limitations at baseline. In combination with the known relationships of sleep disturbance to baseline health, the null findings of the sleep duration mortality in healthier individuals in our study suggest that the observed relationship of short and long sleep duration to mortality may well be a result of the preexisting disease.
